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SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on and claims the benefit of 
priority from the prior Japanese Patent Application No. 
2005-193597, filed on Jul. 1, 2005, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

having a superjunction (hereinafter referred to as “SJ) 
structure, such as an SJ MOSFET. 

2. Description of the Related Art 
A conventional SJ MOSFET is manufactured by forming 

a p-type body layer (base layer) on a Substrate having an SJ 
structure including n-type columns and p-type columns 
arranged alternately along the Surface, and forming an 
n-type source diffusion layer on the Surface of the p-type 
body layer. When the column is patterned as fine as 2 um or 
below, for example, the above-described structure has a limit 
in fine patterning because the body layer can not be made 
sufficiently small. 
On the other hand, a trench-gate SJ MOSFET is known as 

a structure Suitable for fine patterning. In the case of the 
trench-gate, positions for formation of n-type columns and 
p-type columns may deviate from positions for formation of 
trench-gates along the Surface, or etching or the like for 
formation of trenches may advance deeper than an intended 
depth and reach the p-type column. In such the cases, a 
carrier passage can not be formed from the p-type body layer 
to the n-type column and an overall on-resistance of the 
semiconductor device is increased as a problem. 

With regard to this problem, JP-A 2003-124464 (para 
graph 0038, FIG. 1) discloses an SJ MOSFET including an 
n-type silicon region formed in a region that contains almost 
the entire of a carrier passage. This carrier passage links the 
n-type column and the p-type column that cover the bottom 
of a trench-gate. 

Even in the SJ MOSFET disclosed in the above-described 
document, it is required to form the n-type silicon region in 
consideration of displacements of the trench along the 
surface and in the vertical direction. Therefore, the n-type 
silicon region inevitably has a large width and depth, which 
ultimately limits fine patterning. 

SUMMARY OF THE INVENTION 

In a first aspect the present invention provides a semi 
conductor device, comprising: a first semiconductor layer of 
the first conduction type; a first main electrode formed on 
one surface of the first semiconductor layer; a second 
semiconductor layer of the first conduction type and a third 
semiconductor layer of the second conduction type formed 
on the other surface of the first semiconductor layer, the third 
semiconductor layer arranged periodically along the Surface 
in association with the second semiconductor layer; a fourth 
semiconductor layer of the second conduction type formed 
on the Surfaces of the second semiconductor layer and the 
third semiconductor layer; a fifth semiconductor layer of the 
first conduction type formed on the surface of the fourth 
semiconductor layer; a control electrode formed in a trench 
with an insulator interposed therebetween, the trench pass 
ing through the fourth and fifth semiconductor layers and 
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2 
reaching the second semiconductor layer; a sixth semicon 
ductor layer of the first conduction type diffused from the 
bottom of the trench; and a second main electrode connected 
to the fourth and fifth semiconductor layers. 

In a second aspect the present invention provides a 
semiconductor device, comprising: a first semiconductor 
layer of the first conduction type; a first main electrode 
formed on one Surface of the first semiconductor layer, a 
second semiconductor layer of the first conduction type and 
a third semiconductor layer of the second conduction type 
formed on the other surface of the first semiconductor layer, 
the third semiconductor layer arranged periodically along 
the Surface in association with the second semiconductor 
layer; a fourth semiconductor layer of the second conduction 
type formed on the Surfaces of the second semiconductor 
layer and the third semiconductor layer; a fifth semiconduc 
tor layer of the first conduction type formed on the surface 
of the fourth semiconductor layer; a control electrode 
formed in a trench with an insulator interposed therebe 
tween, the trench passing through the fourth and fifth 
semiconductor layers and reaching the second semiconduc 
tor layer; and a second main electrode connected to the 
fourth and fifth semiconductor layers, wherein the third 
semiconductor layer has a width in a direction of arrange 
ment in association with the second semiconductor layer 
made narrower than the width of the second semiconductor 
layer in the direction of arrangement or the width of the 
trench in the direction of arrangement. 

In a third aspect the present invention provides a semi 
conductor device, comprising: a first semiconductor layer of 
the first conduction type; a first main electrode formed on 
one surface of the first semiconductor layer; a second 
semiconductor layer of the first conduction type and a third 
semiconductor layer of the second conduction type formed 
on the other surface of the first semiconductor layer, the third 
semiconductor layer arranged periodically along the Surface 
in association with the second semiconductor layer, a fourth 
semiconductor layer of the second conduction type formed 
on the Surfaces of the second semiconductor layer and the 
third semiconductor layer; a fifth semiconductor layer of the 
first conduction type formed on the surface of the fourth 
semiconductor layer; a control electrode formed in a trench 
with an insulator interposed therebetween, the trench pass 
ing through the fourth and fifth semiconductor layers and 
reaching the second semiconductor layer, the trench having 
a width of the bottom made narrower than widths of other 
portions; and a second main electrode connected to the 
fourth and fifth semiconductor layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will now 
be described below with reference to the accompanying 
drawings, in which: 

FIG. 1 is a cross-sectional view illustrative of an SJ 
MOSFET according to a first embodiment of the present 
invention; 

FIG. 2 is across-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 3 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 4 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 5 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 6 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 
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FIG. 7 is across-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 8 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 9 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 in order of process step; 

FIG. 10 is a cross-sectional view illustrative of the MOS 
FET of FIG. 1 when gate electrode trenches deviate along 
the surface; 

FIG. 11 is a cross-sectional view illustrative of an SJ 
MOSFET according to a second embodiment of the present 
invention; 

FIG. 12 is a cross-sectional view illustrative of an SJ 
MOSFET according to a third embodiment of the present 
invention: 

FIG. 13 is a perspective view illustrative of a partial 
section of an SJ MOSFET according to another embodiment 
of the present invention; and 

FIG. 14 is a perspective view illustrative of a partial 
section of an SJ MOSFET according to yet another embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The embodiments of the present invention are described 
below with reference to the drawings. 

FIRST EMBODIMENT 

FIG. 1 is a cross-sectional view illustrative of a brief 
structure of an SJ MOSFET according to a first embodiment 
of the present invention. FIGS. 2-9 are cross-sectional views 
illustrative of the same SJ MOSFET in order of process step. 
An n-channel MOSFET having a p-type base layer is herein 
described as an example in which the first and second 
conduction types are defined as n- and p-types, respectively. 
Alternatively, the first and second conduction types may be 
defined as p- and n-types, respectively. 
An n-type silicon substrate 11 forms a drain layer. On 

one surface of the substrate 11, n-type columns 12 and 
p-type columns 13 are alternately arranged at a certain 
interval along the surface to form an SJ structure. On the 
upper Surfaces of the n-type columns 12 and the p-type 
columns 13, a p-type body layer (base layer) 14 is formed, 
and an n-type source layer 15 is formed on the p-type body 
layer 14. 
A trench 16 is formed from the n-type source layer 15 

through the p-type body layer 14 to a depth of the n-type 
column 12. A gate electrode 18 composed of polysilicon or 
the like is formed as buried in the trench 16 with a gate 
insulator 17 interposed therebetween. On a portion of the 
n-type column 12 facing the bottom of the trench 16, an 
n-type diffusion layer 19 is formed as covering the bottom. 

Between adjacent gate electrodes 18, a contact trench 20 
is formed from the n-type source layer 15 to the p-type 
body layer 14. A source electrode 21 of aluminum is formed 
as buried in the contact trench 20 to make contacts with the 
n"-type source layer 15 and the p-type body layer 14 at the 
same time. On the other surface of the n-type silicon 
substrate 11, a drain electrode 22 of aluminum is formed. 

Specifically, in this embodiment, widths Win and Wp in a 
direction of arrangement of the n- and p-type columns 12 
and 13 are made equal to 2 um or below. The width Wn of 
the n-type column 12 is made wider than the width Wp of 
the p-type column 13. This allows the gate electrode 18 to 
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4 
be formed surely on the n-type column 12 even if the trench 
16 deviates more or less along the Surface. 
The following description is given to process steps of 

manufacturing the SJ MOSFET according to the first 
embodiment. 

First, as shown in FIG. 2, an n-type layer 12 is epitaxially 
grown on the n-type silicon Substrate 11. Then, as shown in 
FIG. 3, an anisotropic etching such as RIE (Reactive Ion 
Etching) is applied to form deep trenches 13' in the n-type 
layer 12' to form the n-type columns 12. Subsequently, as 
shown in FIG. 4, a process of epitaxial growth or the like is 
applied to bury a p-type layer in the trenches 13' to form the 
p-type columns 13. Further, as shown in FIG. 5, a p-type 
impurity Such as boron and an n-type impurity Such as 
arsenic are sequentially implanted through high-acceleration 
ion implantation and then thermally diffused to form the 
p-type body layer 14 and the n-type source layer 15. These 
layers are effective to prevent heat treatments from influ 
encing excessively on the n-type columns 12 and the p-type 
columns 13. 

Next, as shown in FIG. 6, a mask member 17' such as a 
nitride film is formed through a photo etching. Then, an 
anisotropic etching is applied to form the trenches 16 from 
the n-type source layer 15 through the p-type body layer 14 
to the depth of the n-type column 12. Thereafter, a process 
of thermal oxidation is applied while leaving the mask 
member 17" to form the gate oxide 17 covering the bottom 
and sidewall of the trench 16 as shown in FIG. 7. After 
formation of the gate oxide 17, as shown in FIG. 8, an n-type 
impurity such as arsenic is implanted into the bottom of the 
trench 16 through ion implantation and then thermally 
diffused to form the n-type diffusion layer 19. Thereafter, as 
shown in FIG. 9, polysilicon is buried in the trench 16 
through CVD or the like. Then, the polysilicon is etched 
back and removed from above the trench 16 and the remain 
der is used as the gate electrode 18. Further, an oxide film is 
buried in the upper portion of the trench 16 to cover around 
the gate electrode 18 with the gate oxide 17. 

Finally, as shown in FIG. 1, an anisotropic etching is 
applied to form the contact trench 20 between adjacent gate 
electrodes 18 from the n-type source layer 15 to the p-type 
body layer 14. A film of aluminum is buried in the contact 
trench 20 to form the source electrode 21. A film of 
aluminum is deposited on the lower surface of the n-type 
silicon substrate 11 to form the drain electrode 22, thereby 
completing the SJ MOSFET of this embodiment. 

FIG. 10 shows a structure of the SJ MOSFET when the 
position of formation of the trench 16 deviates along the 
Surface from the positions of formation of the n-type column 
12 and the p-type column 13. In this embodiment, the n-type 
diffusion layer 19 is formed at the bottom of the trench 16 
by self-aligned diffusion. Therefore, even if the position of 
formation of the trench 16 deviates more or less, an n-chan 
nel formed along an interface between the p-type body layer 
14 and the gate oxide 17 can be surely linked to the n-type 
column 12 via the n-type diffusion layer 19. As a result, it is 
possible to ensure an n-channel carrier passage and a lower 
on-resistance. 

In this embodiment, contact with the p-type body layer 14 
is realized by formation of the contact trench 20. Accord 
ingly, in comparison with the case where the p-type body 
layer 14 and the n-type source layer 15 are connected with 
the plane electrode, the interval between the gate electrodes 
18 can be made narrower. This allows fine pattering as well. 
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SECOND EMBODIMENT 

FIG. 11 is a cross-sectional view illustrative of a structure 
of an SJ MOSFET according to a second embodiment of the 
present invention. 

In this embodiment, a trench 26 containing a gate elec 
trode 28 buried therein with a gate oxide 27 interposed 
therebetween has a V-shape or U-shape with a tapered tip on 
the bottom, different from the preceding embodiment. When 
the width of the tip is made narrower than the width of the 
opening in this way, the margin of deviation along the 
Surface can be made larger than that in the preceding 
embodiment. In addition, the width of the n-type diffusion 
layer 29 can be made narrower than that in the preceding 
embodiment. This allows finer pattering. 

THIRD EMBODIMENT 

FIG. 12 is a cross-sectional view illustrative of a structure 
of an SJ MOSFET according to a third embodiment of the 
present invention. The gate electrode 18 is formed on the 
n-type column 12 in the first and second embodiments while 
the gate electrode 18 is formed on the p-type column 13 in 
this embodiment. The width Wp of the p-type column 13 is 
designed narrower than the width Wt of the gate electrode 
trench 16. This allows the n-channel formed along the side 
of the trench 16 to be surely connected with the n-type 
column 12 even if the trench 16 deviates more or less along 
the surface. In this case, the relation between the width Wn 
of the n-type column 12 and the width Wp of the p-type 
column 13 is not particularly defined. 

In the above description, three-dimensional shapes of the 
n-type columns 12 and the p-type columns 13 are not 
mentioned particularly. The n-type columns 12 and the 
p-type columns 13 may be arranged alternately in Stripes as 
shown in FIG. 13. Alternatively, the p-type columns 13 may 
be arranged in the layer of n-type columns 12 at certain 
intervals in the form of a grid as shown in FIG. 14. 

In the above embodiments, the p-type columns are formed 
through a process ofburying. If the n-type epitaxial layer is 
formed of several split Sub-layers, the p-type columns may 
be formed by repetitions of implanting and diffusing a p-type 
impurity to form each of the sub-layers. 

In the above embodiments, the MOSFET is exemplified 
though the present invention is similarly applicable to an 
IGBT and the like having the SJ structure, needless to say. 
What is claimed is: 
1. A semiconductor device, comprising: 
a first semiconductor layer of the first conduction type; 
a first main electrode formed on one surface of said first 

semiconductor layer, 
a second semiconductor layer of the first conduction type 

and a third semiconductor layer of the second conduc 
tion type formed on the other surface of said first 
semiconductor layer, said third semiconductor layer 
arranged periodically along the Surface in association 
with said second semiconductor layer; 

a fourth semiconductor layer of the second conduction 
type formed on the Surfaces of said second semicon 
ductor layer and said third semiconductor layer, 

a fifth semiconductor layer of the first conduction type 
formed on the surface of said fourth semiconductor 
layer; 

a control electrode formed in a trench with an insulator 
interposed therebetween, said trench passing through 
said fourth and fifth semiconductor layers and reaching 
said second semiconductor layer; 
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6 
a sixth semiconductor layer of the first conduction type 

diffused from the bottom of said trench; and 
a second main electrode connected to said fourth and fifth 

semiconductor layers. 
2. The semiconductor device according to claim 1, 

wherein said second semiconductor layer has a width in a 
direction of arrangement in association with said third 
semiconductor layer made wider than the width of said third 
semiconductor layer in said direction of arrangement. 

3. The semiconductor device according to claim 1, 
wherein said trench has a width of the bottom formed 
narrower than widths of other portions. 

4. The semiconductor device according to claim 3, 
wherein said trench is formed in a V-shape. 

5. The semiconductor device according to claim 3, 
wherein said trench is formed in a U-shape. 

6. The semiconductor device according to claim 3. 
wherein said second semiconductor layer has a width in a 
direction of arrangement in association with said third 
semiconductor layer made wider than the width of said third 
semiconductor layer in said direction of arrangement. 

7. The semiconductor device according to claim 1, 
wherein said second semiconductor layer and said third 
semiconductor layer are alternately formed in Stripes. 

8. The semiconductor device according to claim 1, 
wherein said third semiconductor layer has columns formed 
in said second semiconductor layer at certain intervals in the 
form of a grid. 

9. A semiconductor device, comprising: 
a first semiconductor layer of the first conduction type; 
a first main electrode formed on one surface of said first 

semiconductor layer, 
a second semiconductor layer of the first conduction type 

and a third semiconductor layer of the second conduc 
tion type formed on the other surface of said first 
semiconductor layer, said third semiconductor layer 
arranged periodically along the Surface in association 
with said second semiconductor layer, 

a fourth semiconductor layer of the second conduction 
type formed on the Surfaces of said second semicon 
ductor layer and said third semiconductor layer, 

a fifth semiconductor layer of the first conduction type 
formed on the surface of said fourth semiconductor 
layer; 

a control electrode formed in a trench with an insulator 
interposed therebetween, said trench passing through 
said fourth and fifth semiconductor layers and reaching 
said second semiconductor layer, and 

a second main electrode connected to said fourth and fifth 
semiconductor layers, 

wherein said third semiconductor layer has a width in a 
direction of arrangement in association with said sec 
ond semiconductor layer made narrower than the width 
of said second semiconductor layer in said direction of 
arrangement or the width of said trench in said direc 
tion of arrangement. 

10. The semiconductor device according to claim 9. 
wherein said trench has a width of the bottom formed 
narrower than widths of other portions. 

11. The semiconductor device according to claim 10, 
wherein said trench is formed in a V-shape. 

12. The semiconductor device according to claim 10, 
wherein said trench is formed in a U-shape. 

13. The semiconductor device according to claim 9. 
wherein said second semiconductor layer and said third 
semiconductor layer are alternately formed in Stripes. 
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14. The semiconductor device according to claim 9. 
wherein said third semiconductor layer has columns formed 
in said second semiconductor layer at certain intervals in the 
form of a grid. 

15. A semiconductor device, comprising: 
a first semiconductor layer of the first conduction type; 
a first main electrode formed on one surface of said first 

semiconductor layer, 
a second semiconductor layer of the first conduction type 

and a third semiconductor layer of the second conduc 
tion type formed on the other surface of said first 
semiconductor layer, said third semiconductor layer 
arranged periodically along the Surface in association 
with said second semiconductor layer; 

a fourth semiconductor layer of the second conduction 
type formed on the Surfaces of said second semicon 
ductor layer and said third semiconductor layer, 

a fifth semiconductor layer of the first conduction type 
formed on the surface of said fourth semiconductor 
layer; 

a control electrode formed in a trench with an insulator 
interposed therebetween, said trench passing through 

10 

15 

8 
said fourth and fifth semiconductor layers and reaching 
said second semiconductor layer, said trench having a 
width of the bottom made narrower than widths of 
other portions; and 

a second main electrode connected to said fourth and fifth 
semiconductor layers. 

16. The semiconductor device according to claim 15, 
wherein said trench is formed in a V-shape. 

17. The semiconductor device according to claim 15, 
wherein said trench is formed in a U-shape. 

18. The semiconductor device according to claim 15, 
wherein said second semiconductor layer and said third 
semiconductor layer are alternately arranged in Stripes. 

19. The semiconductor device according to claim 15, 
wherein said third semiconductor layer has columns 
arranged in said second semiconductor layer at certain 
intervals in the form of a grid. 


